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Abstract 
The design and development of a new test facility in the form of a rain chamber or test section was undertaken to provide an additional 
test facility to compliment efforts in the performance investigation of wind driven roof ventilators and other environmental measuring 
devices, such as Pitot probes in rain. To reduce cost and optimise greater usage of resources, it was decided to make the test facility 
compatible for operation with a conventional wind tunnel. Successful tests were carried out to confirm the suitability new facility through 
velocity profile measurement with a purpose built water spray delivery system. Testing of two different types of roof ventilator was 
carried out to test for ventilator water ingress performance. The study was limited in scope, yet the testing showed some interesting 
features associated with the operation of the roof ventilators in different weather conditions and confirmed the benefits of using the new 
test section. 
 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the International 
Energy Foundation 
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1. Introduction 
Roof top wind driven ventilators are deceptively simple in appearance and are cheap to manufacture and easy to install 
and costs nothing to operate. But the flow associated with its operation is very complex [1-5]. It accepts air in an axial 
direction and expels along with the air extracted from inside a building in a vertical direction. The wind driven ventilator is 
subjected to the vagaries of nature, such as high temperature and rain. While the effects of wind and temperature can be 
experimentally investigated using conventional wind tunnels, the effect of rain is difficult to ascertain. However, such roof 
ventilation systems and environmental measuring devices have a problem of moisture ingress, with the potential of system 
inefficiency or failure in the extreme case. Consequently, the design and development of a new test facility in the form of 
rain chamber or test section was undertaken. To reduce cost and optimise greater usage of resources, it was decided to make 
the test facility compatible for operation with a conventional wind tunnel. The availability of such a facility is expected to 
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significantly add to flow diagnostic and facility development [6-9] and boost the environment-friendly works at the 
University of New South Wales [10-32] 
The open jet wind tunnel in the Aerodynamics Laboratory of the University of New South Wales was selected as the most 
suitable for the incorporation of the new wind tunnel test section to simulate the effects of rain on roof ventilation systems 
and other environmental measuring devices, such as Pitot probes. Successful tests were carried out to confirm the suitability 
new test section through velocity profile measurement with a purpose built water spray delivery system. Testing of two 
different types of roof ventilator was carried out to test for ventilator water ingress performance. Although limited in scope, 
the testing showed interesting features associated with the operation of the roof ventilators in different weather conditions 
and confirmed the benefits of new test section. 
One of the main reasons for a rain simulation test rig is interest from the roof ventilator industry to investigate the 
occurrence of water ingress into the building ventilation and roof structure. This moisture is not easily detected in the short 
term, but over a period of time is likely to cause damage to the roof and ventilator support structure. One area that was 
suspected to be a problem is the occurrence of water ingress is at the gap between the rotating head of the ventilator and the 
ventilator pipe as indicated in Fig. 1. 
 
 
Fig. 1. Gap between rotating ventilator head and pipe 
2. Basic considerations/background information 
There are two broad categories of wind tunnel testing. Low speed wind tunnel testing is where wind speed is below 
134m/s. Rae &Pope, 1984 [1] The other broad category is High speed wind tunnel testing, which is above 134m/s. 
The maximum speed of the open jet UNSW wind tunnel is 24m/s, the compressibility of air can be considered to be 
negligible [1]. While this is considerably correct for low speed wind tunnels it cannot be applied for high speed wind 
tunnels. 
Low speed wind tunnels can also be divided into two categories based on how the air circulates within the wind tunnel. 
The first type is the open circuit wind tunnel where air is used one time only, after passing through the test section the air is 
unrestrained and returned to atmosphere.  The second type is the closed circuit wind tunnel. This type of wind tunnel 
recycles the air that passes through the test section continuously. Rae &Pope [1] point out the advantages of a open circuit 
wind tunnel as; construction is low cost and operation of combustion engines or smoke visualization is possible. They list 
the disadvantages of an open circuit wind tunnel as requiring extensive screening to achieve uniform flow, prone to external 
disturbances, require more energy to run the fan and are generally noisier. 
3. Design, construction and installation 
The rain simulation test section uses a circular polycarbonate tube with the same diameter as the wind tunnel outlet of 
760mm. By using polycarbonate sheet to form the test section, flow visualization observations can be made and the water 
spray can be restricted to a controlled area within the laboratory. The test section is supported on a height and level 
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adjustable stand.  For roof ventilator tests a plywood board was used to support the ventilators, with a hole matching the 
inside diameter of the ventilator pipe. Below this pipe an aluminum funnel was designed so any water entering the roof 
ventilator could be easily collected and directed to a measuring flask below the test section. Initially a commercially 
available garden spray and water pump was modified to provide the water spray system. The spray nozzle can be clamped to 
the wind tunnel or can be adjusted using a manual traversing system upstream of the test section. The spray nozzle has a 
screw adjustment which allows the water droplet size to be varied. Water flow rate to the nozzle is adjusted by way of a 
bypass valve. The pressure of the water in the delivery system is measured using a Bouden tube pressure gauge. The flow 
rate is calibrated for a given nozzle setting and pressure value using a measuring flask.  A velocity profile test was 
conducted in the horizontal and vertical planes, comparing the velocity profile upstream and downstream of the test section. 
The results of the horizontal axis is shown in Fig. 2, where as the results for the vertical axis are shown in Fig. 3. 
 
 
 
 
 
 
Fig. 2. Test section horizontal velocity profile at 10m/s 
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Fig. 3. Test section vertical profile at 10m/s 
4. Rain simulation tests 
4.1. Test on ventilators 
In order to determine the specific areas on the ventilator that may result in water ingress 2 different tests were trialled.  
The first test used a large water droplet size. These were formed by creating a continuous water stream at the exit of the 
nozzle with a flow rate of 10.29ml/s. The nozzle location was positioned so the water spray would first impact with the 
 
 
 
 
Fig. 4. Direct stream test with aluminium ventilator 
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Fig. 5. Direct stream test with clear plastic ventilator 
 
The direct stream test was also conducted on a clear plastic ventilator of a different design and size as shown in Fig. 2. 
The second test placed the nozzle location so it directed the water spray at the gap between the rotating blades and the 
ventilator pipe. The nozzle was adjusted to provide a fine mist. The flow rate was measured at 2.54m/s. This test allowed a 
clear visitation of the formation and movement of water droplets in the ventilator gap. Fig. 6 shows the droplet formation in 
 
 
 
 
Fig. 6. Water mist test showing water droplets in the ventilator gap 
 
The percentage of water collected for clear plastic ventilator as shown in Fig. 6 is presented quantitatively as bar charts 
for the two different droplet sizes, are shown in Fig. 7. 
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Fig. 7.  Water collected for the clear plastic ventilator 
4.2. Tests on Pitot Tube 
Three Pitot tubes of different diameters, namely 10mm, 3mm and 1mm were tested in the rain chamber for their 
performance in wet conditions. The results obtained were compared with dry conditions and are presented in Fig. 8. The 
results from this Fig. clearly show performance degradation with smaller diameters. The results with the largest Pitot tube 
diameter (10mm) are not affected. Interestingly however, the results for 3mm diameter Pitot tube appears to be most 
affected by wet conditions compared with the Pitot tube with smaller diameter (1mm). The overall effect is quite complex. 
At larger Pitot tube diameter (10mm), the linear relationship between the dry and wet conditions is retained, but as the Pitot 
tube diameter becomes smaller (3mm), capillary and viscous effects appear to affect the direct linearity and consequently 
make the results unreliable. With further decreases in Pitot tube diameter (1mm), the linearity appears to be restored but 
with lower magnitudes at wet conditions compared to dry conditions. 
 
 
 
 
Fig. 8.  Pitot Tube performance investigation 
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5. Conclusion 
Initial testing of the aluminium ventilator at speeds below 10m/s showed no water ingress for both the direct stream and 
mist tests.  However at speeds above 10m/s a small amount of water was collected from inside the ventilator pipe. At 15m/s, 
using the mist test it was easily observed that water droplets near the gap between the rotating blades were sucked upwards 
into the gap of the ventilator and pipe.  
Testing the second ventilator allowed improved flow visualisation due to the transparent plastic rotating section. The 
testing showed that the second ventilator allowed significant amounts of water ingress, at all test speeds using both test 
methods, however the mist test and visual observation confirmed the gap between the rotating ventilator vanes and the 
stationary pipe was where the water ingress occurs.  
The performance test results for the Pitot tubes clearly demonstrates a direct linkage with the size of the Pitot tube 
diameter if they are to be successfully employed in rainy conditions. 
The above conclusions are demonstrative of the significance of using rain test facility to provide better assessment of 
performance of practical devices in wet conditions. 
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